
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

58
2 

88
5

B
1

TEPZZ 58 885B_T
(11) EP 2 582 885 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
02.10.2019 Bulletin 2019/40

(21) Application number: 11794958.6

(22) Date of filing: 17.06.2011

(51) Int Cl.:
E02F 3/88 (2006.01) E02F 9/14 (2006.01)

(86) International application number: 
PCT/AU2011/000731

(87) International publication number: 
WO 2011/156865 (22.12.2011 Gazette 2011/51)

(54) METHOD AND APPARATUS FOR AUXILIARY SEAFLOOR MINING

VERFAHREN UND VORRICHTUNG FÜR EINE MEERESBODEN-HILFSABSAUGUNG

PROCÉDÉ ET APPAREIL D’EXPLOITATION MINIÈRE DE FONDS MARINS DU TYPE AUXILIAIRE

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 18.06.2010 AU 2010902669

(43) Date of publication of application: 
24.04.2013 Bulletin 2013/17

(73) Proprietors:  
• Nautilus Minerals Pacific Pty Ltd

Milton, QLD 4064 (AU)
• Soil Machine Dynamics Limited

Tyne and Wear NE28 6UZ (GB)
• Eda Kopa (Solwara) Limited

Port Moresby (PG)

(72) Inventors:  
• JONES, Glen Robert

Milton
Queensland 4064 (AU)

• INGLIS, Antony Eliot
Milton
Queensland 4064 (AU)

• O’SULLIVAN, Anthony Paul
Milton
Queensland 4064 (AU)

• HOWITT, Michael
Milton
Queensland 4064 (AU)

• SMITH, Glen Martindale
Milton
Queensland 4064 (AU)

• BERNDT, Roland Gunter
Milton
Queensland 4064 (AU)

• JAFFERS, Daal Hallam
Milton
Queensland 4064 (AU)

• RIDLEY, Nicholas William
Wallsend Tyne and Wear NE28 6UZ (GB)

(74) Representative: EP&C
P.O. Box 3241
2280 GE Rijswijk (NL)

(56) References cited:  
WO-A1-98/42922 FR-A- 1 553 816
FR-A- 1 553 816 FR-A1- 2 612 987
FR-A1- 2 612 987 GB-A- 318 807
JP-A- 9 302 713 US-A- 3 456 371
US-A- 6 003 952  



EP 2 582 885 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates generally to un-
derwater mining, and in particular relates to a tool for
carrying out seafloor mining in cooperation with other
seafloor tools.

Background of the Invention

[0002] Seabed excavation is often performed by
dredging, for example to retrieve valuable alluvial placer
deposits or to keep waterways navigable. Suction dredg-
ing involves positioning a gathering end of a pipe or tube
close to the seabed material to be excavated, and using
a surface pump to generate a negative differential pres-
sure to suck water and nearby mobile seafloor sediment
up the pipe. Cutter suction dredging further provides a
cutter head at or near the suction inlet to release com-
pacted soils, gravels or even hard rock, to be sucked up
the tube, Large cutter suction dredges can apply tens of
thousands of kilowatts of cutting power. Other seabed
dredging techniques include auger suction, jet lift, air lift
and bucket dredging.
[0003] US 6 003 952 discloses an underwater mining
machine which includes a chassis mounted on a powered
drive arrangement for driving the chassis on an under-
water surface. The chassis has a front end and a rear
end and is adapted to be manoeuvrable and driven in at
least a forward direction. A rotatable cutting drum is se-
cured to a boom which is attached to a cradle mounted
on the chassis, and material gathering arms adapted to
gather material which has been excavated or broken up
by the cutting drum. This document forms the basis for
the preamble for each of the independent claims.
[0004] Most dredging equipment typically operates on-
ly to depths of tens of metres, with even very large dredg-
es having maximum dredging depths of little more than
one hundred metres. Dredging is thus usually limited to
relatively shallow water.
[0005] Subsea boreholes such as oil wells can operate
in deeper water of up to several thousand metres depth.
However, subsea borehole mining technology does not
enable seafloor mining.
[0006] Any discussion of documents, acts, materials,
devices, articles or the like which has been included in
the present specification is solely for the purpose of pro-
viding a context for the present invention. It is not to be
taken as an admission that any or all of these matters
form part of the prior art base or were common general
knowledge in the field relevant to the present invention
as it existed before the priority date of each claim of this
application.
[0007] Throughout this specification the word "com-
prise", or variations such as "comprises" or "comprising",
will be understood to imply the inclusion of a stated ele-
ment, integer or step, or group of elements, integers or

steps, but not the exclusion of any other element, integer
or step, or group of elements, integers or steps.

Summary of the Invention

[0008] According to a first broad aspect the present
invention provides a seafloor auxiliary mining tool and a
a method for seafloor auxiliary mining in a seafloor mining
system according to the respective independent claims.
[0009] The means for sizing cuttings may comprise at
least one pair of cutting heads which form the auxiliary
cutting tool, the cutting heads being configured to pref-
erentially draw cuttings between the pair of cutting heads,
and the pair of cutting heads being spaced apart by a
distance corresponding to the desired cutting size. In
such embodiments, cuttings larger than the desired cut-
ting size which are drawn between the pair of cutting
heads will be further cut and/or crushed to be less than
the desired cutting size. The spacing between the or each
pair of cutting heads can be fixed at a predetermined
spacing, for example depending on the ore being mined
and the size of particles needing to be extracted. Alter-
natively, the spacing between the or each pair of cutting
heads may in some embodiments be adjustable during
mining operations. Alternatively, the means for sizing cut-
tings may comprise a sizing grill proximal to the auxiliary
cutting tool, for example positioned above the cutting
head between the head and the boom, and/or aft of the
cutting head. Alternatively, the means for sizing cuttings
may comprise other suitable sizing devices whether fixed
or adjustable. The pair of cutting heads are preferably
counter-rotating so as to draw cuttings between the cut-
ting heads to effect sizing of the cuttings.
[0010] By providing the auxiliary mining tool with an
auxiliary cutting tool, and leaving bulk mining for a sep-
arate seafloor tool, the present invention provides for a
relatively agile seafloor cutting tool which has enhanced
mobility enabling operation in seafloor regions of com-
plex topography and which can flexibly perform an array
of cutting tasks. The auxiliary cutting tool can thus be
used in preparation for bulk mining to cut down periph-
eries of complex seafloor formations in order to present
relatively flat and horizontal benches suitable for a sep-
arate bulk mining tool. The present invention thus pro-
vides an auxiliary tool operable to function in cooperation
with other seafloor mining tools to effect retrieval of the
seafloor material, even when presented with a complex
seafloor topography, while able to function alone when
presented with complex seafloor topography. At some
sites the agility of the auxiliary mining tool may be such
that other tools may not be required to effect retrieval of
the seafloor material.
[0011] The seafloor auxiliary mining tool is capable of
traversing uneven ground and slopes, such capability be-
ing affected by the seafloor locomotion system. The sea-
floor locomotion system may comprise any suitable lo-
comotion elements, for example wheels, continuous
tracks, legs, or the like. The locomotion system preferably
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enables the auxiliary mining tool to traverse seafloor ter-
rain sloped up to about 10 degrees, more preferably up
to about 20 degrees and even more preferably up to
about 25 degrees,
[0012] The auxiliary mining tool in preferred embodi-
ments is operable to work a seafloor site to prepare a
bench for bulk mining. The auxiliary mining tool in pre-
ferred embodiments is further operable to work remnant
edges left by a bulk miner. The boom for mounting the
auxiliary cutting tool preferably comprises an hydrauli-
cally operated articulated arm. In one form, the boom
may be mounted on an upper carriage assembly capable
of slewing relative to the auxiliary mining tool centre line.
[0013] In some embodiments of the invention, the sea-
floor auxiliary mining tool may comprise a detachable
winch cable attachment point, allowing the tool to be
winched between the seafloor and the surface, and to
detach from the winch cable and self-propel once on the
seabed.
[0014] Further, the present invention provides a sea-
floor auxiliary mining tool adaptable in some embodi-
ments to deployment at significant water depths. For ex-
ample some embodiments may be operable at depths
greater than about 400m, more preferably greater than
1000m and more preferably greater than 1500m depth.
Nevertheless it is to be appreciated that the auxiliary min-
ing tool of the present invention may also present a useful
seafloor mining option in water as shallow as about 100m
or other relatively shallow submerged applications. Ac-
cordingly it is to be appreciated that references to the
seafloor or seabed are not intended to exclude applica-
tion of the present invention to mining or excavation of
lake floors, estuary floors, fjord floors, sound floors, bay
floors, harbour floors or the like, whether in salt, brackish,
or fresh water, and such applications are included within
the scope of the present specification.
[0015] In embodiments of the invention deployed to
seafloor sites of complex topography, the seafloor aux-
iliary mining tool is preferably employed to initiate site
excavation. For example the seafloor auxiliary mining
tool may prepare a landing area for other seafloor tools,
and may excavate extremities of the site in order to pre-
pare a first bench ready for bulk mining.
[0016] A preferred embodiment of the invention further
includes a suction delivery line having an inlet adjacent
to the auxiliary cutting tool and an outlet spaced from the
auxiliary mining tool. In preferred embodiments of the
invention, the auxiliary mining tool comprises a slurry
pump system and a slurry inlet proximal to the cutting
head(s), configured to capture cuttings in the form of a
slurry. The slurry may be pumped a short distance from
the seafloor auxiliary mining tool, for example simply to
one side of the path taken or to be taken by the tool.
Alternatively, the slurry may be pumped to a seafloor
stockpile location some distance away from the seafloor
auxiliary mining tool via a suitable transfer pipe. The slur-
ry inlet, or suction inlet, may be positioned just aft of the
cutting head. In embodiments comprising two or more

cutting heads, the or each suction inlet may be positioned
between cutting heads.
[0017] In preferred embodiments, a collection shroud
partially surrounds the cutting head(s) to optimise con-
tainment and collection of cuttings by the slurry pump
system. The seafloor auxiliary mining tool preferably
comprises a blade to help keep cuttings ahead of the
vehicle, and also preferably configured to shroud the cut-
ting tool by maintaining cuttings near the cutting head
and assist reworking of oversized cuttings. The blade is
preferably arcuately shaped so as to effect substantially
equal shrouding at differing slew positions of the cutting
tool. The blade preferably assists a suction inlet of the
tool in clearing cuttings produced by the cutting heads.
The blade is also preferably configured to clear the path
ahead of the auxiliary mining tool by acting as a push
blade as the machine traverses forwards.
[0018] The seafloor auxiliary mining tool may be an
untethered remotely operated vehicle (ROV) or may be
a tethered vehicle operated by umbilicals connecting to
the surface.
[0019] The seafloor auxiliary mining tool preferably
clears its own cuttings to the spaced outlet at a dump site
to enable the seafloor auxiliary mining tool to progress
through a formation as it work-s. For example the auxil-
iary mining tool may pump its cuttings in slurry form to a
position lateral to the tool’s path of travel.
[0020] The seafloor auxiliary mining tool’s weight is
preferably selected in order to apply the forces required
for the auxiliary mining tasks. In order to further stabilise
the auxiliary mining tool, movable anchoring spuds may
be provided.
[0021] The bench may comprise an ore bench of val-
uable ore to be retrieved, or may comprise a bench of
hard rock, or other seafloor material to be removed for
other purposes. The ore may comprise seafloor massive
sulphides.
[0022] In an alternative embodiment of the system, the
auxiliary miner is configured with slurry transfer pipes
which are arranged to deliver cuttings from the tool in a
slurry form to a stockpile site distal from the cutting loca-
tion of the tool.

Brief Description of the Drawings

[0023] An example of the invention will now be de-
scribed with reference to the accompanying drawings, in
which:

Figure 1 is a simplified overview of a subsea system
incorporating an auxiliary mining tool in accordance
with a preferred embodiment of the present inven-
tion:
Figure 2 is a side view of an auxiliary mining tool in
accordance with one embodiment of the present in-
vention;
Figure 3 illustrates the cutting and suction process
of the auxiliary mining tool of Fig. 2;
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Figure 4 depicts the overall auxiliary mining tool sys-
tem;
Figure 5 is a perspective view of the boom-mounted
cutting head of the auxiliary mining tool; and
Figure 6 is a cross sectional view of the boom-mount-
ed cutting head of the auxiliary mining tool in oper-
ation.
Figure 7a depicts the auxiliary mining tool performing
site preparation;
Figure 7b depicts the auxiliary mining tool trimming
remnant edges of an ore bench;
Figure 8 depicts a further embodiment of the auxiliary
mining tool with a moveable anchoring / stabilising
spud system;
Figures 9a-9d illustrate an auxiliary cutter in accord-
ance with another embodiment of the invention; and
Figures 10a and 10b illustrate an auxiliary cutter in
accordance with a further embodiment of the inven-
tion.

Description of the Preferred Embodiments

[0024] Figure 1 is a simplified overview of a subsea
system 100, which incorporates an auxiliary mining tool
(AUX) 116 in accordance with an embodiment of the
present invention. A derrick 102 and dewatering plant
104 are mounted upon an oceangoing production sup-
port vessel (PSV) 106. The PSV 106 has ore transfer
facilities to load retrieved ore onto barge 108. The present
embodiment provides a tool 116 operable to about
2500m depth, however alternative embodiments may be
designed for operation to about 3000m depth or greater.
During production operations, seafloor mining tools
(SMTs) will be used to excavate ore from the seabed
110. The SMTs comprise a seafloor bulk miner 112, a
seafloor gathering machine (GM) 114 and a seafloor aux-
iliary mining machine 116 and a stockpiling system 124.
The bulk miner (BM) 112 and gatherer 114 may be of
any suitable form. In this embodiment ore mined by the
auxiliary mining machine 116 and bulk mining machine
112 is gathered and pumped by each respective machine
in the form of a slurry to a stockpile system 124, for ex-
ample through stockpile transfer pipe 126 (shown inter-
rupted in Figure 1 for clarity).
[0025] The stockpiled ore is gathered and pumped, in
the form of slurry, through a riser transfer pipe (RTP) 120
to a subsea lift pump 118, which then lifts the slurry via
a rigid riser 122 (shown interrupted in Figure 1, and may
be up to about 2500m long in this embodiment). The slur-
ry travels to the surface support vessel 106 where it is
dewatered by plant 104. The waste water is returned un-
der pressure back to the seafloor to provide charge pres-
sure for the subsea lift pump 118. The dewatered ore is
offloaded onto transport barge 108 to be transported to
a stockpile facility before being transported to a process-
ing site.
[0026] The seafloor auxiliary mining tool 116 of this
embodiment is provided for cutting and if / as required

pumping material away from a work face location. The
seafloor auxiliary mining tool 116 is a remote operated
vehicle, capable of operating to a water depth of about
2500m, and is operated from on board the PSV 106. Op-
eration of the seafloor auxiliary mining tool 116 is con-
trolled subject to ore grade, over-all production rate and
operational and maintenance constraints. Excavated
particle size is controlled by the auxiliary mining tool 116
cutter type, cutter rotation speed, speed of advancement
of the cutter heads, depth of cut, cutter pick spacing and
angle and cutter head spacing.
[0027] Bulk mining and gathering can then be carried
out by any suitable means.
[0028] While the auxiliary mining tool 116 may be uti-
lised in any suitable mining process, in the embodiment
shown in Figure 1 the ore recovery sequence is as fol-
lows. First, any unconsolidated sediment is removed us-
ing the gathering machine (GM), and deposited in a pre
defined area that may or may not form part of the mine.
Then, obstructions are cut down using the AUX 116 of
this embodiment, to prepare a level landing area for the
BM 112 and GM 114, This site preparation by the auxiliary
mining machine 116 is illustrated in Figure 7a.
[0029] Next, ore left by the auxiliary mining tool 116 is
gathered with the GM 114. Benches are cut using the
BM 112 then cut and sized ore is gathered using GM
114, this being repeated until remnant edges are about
4 metres high. Then, the remnant edges are trimmed
using the AUX 116 of this embodiment, as shown in Fig-
ure 7b.
[0030] Thus, the AUX 116 initiates seafloor mining op-
erations and prepares an adequate landing area for other
seafloor tools, and if required for other seafloor devices
such as a stockpiling device. The AUX 116 is also used
to remove edge sections of ore benches which cannot
be accessed or efficiently mined by a bulk miner.
[0031] Figure 2 is a side view of auxiliary mining tool
116 in accordance with this embodiment of the present
invention. Figure 2 illustrates the size of the AUX 116 of
this embodiment, giving insight into its functionality. The
AUX 116 pumps ore utilising a slurry dredge pump sys-
tem 202, to a seafloor stock pile area, which is then gath-
ered at a later date by suitable seafloor gathering ma-
chine (GM) 114. Continuous tracks 204 provide for sea-
floor locomotion of the tool 116, even over complex sea-
floor topography. Winch cable attachment point 206 per-
mits detachable attachment of the tool 116 to a winch
cable to permit winching, of the tool 116 between the
surface and the seafloor. Cutting head 210 is mounted
on boom 208, permitting use of cutting head 210 in a
versatile range of positions, heights, and angles.
[0032] Figure 3 illustrates the cutting and suction proc-
ess of the auxiliary mining tool 116. As can be seen, the
AUX 116 is a vehicle with tracks 204 and a cutter suction
boom assembly 208, which is articulated and capable of
boom slewing of about +/- 40 degrees laterally of the
machine centre line and is capable of rising above and
below the machine. As seen in Figure 5, cutting head
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210 comprises two pairs of counter rotating cutter heads
212 which are electrically or hydraulically driven via um-
bilical power supply to cut ore and deliver cuttings to an
inlet in the form of a centrally located suction head 214
located in between the counter-rotating cutter heads 212.
Suction head 214 can be in various shapes and sizes to
suit the size and type of material being cut and extracted.
Shown in Figure 2, a bucket / blade 216 is also provided
to assist with material clearing and add to the effective-
ness of the cutters 212. Bucket/blade 216 also acts as a
shroud for the cutters to aid in the suction removal of the
cuttings. A shroud 218 in Figure 2 is also provided to
assist in the effectiveness of the suction head 214 in Fig-
ure 5 and size the cuttings and control the size of the
cuttings.
[0033] Tool 116 may further comprise a water jet sys-
tem (not shown) for high pressure water injection to the
cutter head 210, and a slurry / ore suction / delivery line
202, using a suction dredge pump system, to pump cut
material and transport it to a subsea stock pile zone via
a stockpile hose 126 of Figure 1 and connector system,
and stockpile system 124. In another embodiment, an
upper carriage assembly 220 in figure 2 provides the ca-
pability of slewing the auxiliary mining vehicle’s cutting
heads, In another embodiment a further assembly (hy-
draulic cylinder 222) on the cutter heads allows the spac-
ing of the cutter heads to be adjusted during operation
to improve cutting efficiency and cuttings extraction effi-
ciency and size the cuttings and control the size of the
cuttings.
[0034] In this embodiment the tool 116 has a dry land
weight of approx 200 to 250 tonnes, a cutting power to
tool weight ratio suitable for this type of machine, and a
number of primary functions. The tool 116 removes ob-
structions and high points and prepares a clear landing
area for other tools to commence cutting operations, as
shown in Figure 7a. Tool 116 cuts and cleans areas of
the bench that are inaccessible to a less agile bulk miner,
as shown in Figure 7b. The tool 116 can pump cut ma-
terial to a seafloor stockpile area, and assist with levelling
and grinding up seafloor chimneys. The boom action of
the tool 116 enables cutting of bench heights of up to
about 4m, even on a slope, and enables the tool 116 to
clear bench edges and/or footwall interfaces which are
not readily accessible by less agile seafloor tools.
[0035] The auxiliary mining tool 116 is further operable
to perform tidying cuts to clean up the mine site at the
completion of mining, and can also cut an access ramp
for other seafloor tools to high points of a mine, and/or
cut a ramp up to a peak area thus generating its own
access way to the peak itself.
[0036] The tool 116 is manoeuvred on the seafloor by
means of crawler tracks 204. It is capable of handling
rocky ground and rough terrain, and has an ability to both
operate and manoeuvre on slopes. The tool 116 can also
be lifted and landed to relocate around the site using its
main winch wire 402, from the support vessel.
[0037] The AUX 116 is designed to cut and gather ore,

pumping it to either a stockpile or to a side cast zone just
behind or beside the vehicle. The AUX 116 is designed
with a counter rotating cutter head 210 complete with
central suction head 214 to cut ore efficiently and if / as
required deliver it to a stockpile at a spaced location.
[0038] The cutter/suction head 210 is mounted on an
articulated boom 208 capable of slewing, lifting and low-
ering, and changing the angular position of the cutter
suction head 210 in the vertical plane. The forward and
aft spacing of the cutter heads can be changed by mech-
anism 222 to adjust and increase cutting and suction ef-
ficiency during operations and size the cuttings and con-
trol the size of the cuttings.
[0039] The overall Auxiliary Mining Machine system is
outlined in Figure 4. The Production Support Vessel
(PSV) hosts the control room from which the AUX 116 is
operated, along with the winches for both the umbilical
and the lift wire, and an A frame for deployment and re-
covery of the AUX 116. The AUX is connected to the
vessel by means of an umbilical cable 404, and a main
hoist wire 402.
[0040] The umbilical cable 404 provides electrical pow-
er to drive the motors and pumps required to drive the
main components of the AUX 116, such as track drive
motors, hydraulic system drive motor(s), dredge system
pump drive motor(s) and the cutter drive system.
[0041] The umbilical 404 also provides control lines
suitably in the form of multiplexed fibre optic communi-
cation links between the AUX 116 and the operational
controls on the PSV 106.
[0042] The AUX 116 is lowered from the PSV 106 to
the seafloor, via the main hoist wire 402. When the AUX
116 is landed out on the seafloor, the hoist wire 402 can
be disconnected and recovered either back to the PSV
106, or to a safe height whereby it will not get tangled
with the umbilical 404 during mining operations.
[0043] The AUX 116 incorporates systems within the
chassis to find, engage, secure and disconnect the stock-
pile hose connector (also incorporating a coupling, emer-
gency-disconnect system and swivel). If required, a
stockpile hose may be stored within the AUX chassis on
a stowage arrangement such as a wind-out reel. Once
the AUX 116 is on the seafloor, a stockpile hose is con-
nected (if required for stockpile mining operations) and
the AUX 116 is then ready for cutting and stockpiling
operations.
[0044] When the AUX 116 is ready to be recovered to
the PSV 106, the hoist wire 402 is reconnected and the
stockpile hose disconnected. The cutter boom 208 is
slewed to the zero degree, fully extended and lifted po-
sition. Tool 116 can then be lifted from the seafloor, and
recovered to the PSV 106,
[0045] As previously outlined, the AUX incorporates
two different methods for ore placement, those being the
vehicle rear or side-cast method, and the stockpile trans-
fer method. As shown in Figure 3, control of suitable
valves allows slurry from suction head 214 to be selec-
tively directed to either a stockpile hose connector sys-
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tem 302, or a rear / side cast lay down outlet 304. The
rear or sidecast method is utilised in areas that are easily,
and efficiently accessed by the gathering machine 114
(for subsequent clean up and recovery of the material),
The stockpile method is utilised for restricted access ar-
eas so as to transfer the ore to a pre-defined stockpile
location from which the GM 114 will recover the ore. Ap-
propriate mine planning can define which ore placement
method will be adopted for which location.
[0046] A dual counter-rotating drum cutter 210 is used
for the main cutting head which is outlined in general in
Figures 5 and 6. The cutter 210 is mounted on a two
function hydraulic boom 208 which is capable of lifting
and lowering in the horizontal axis, and slewing around
the vertical axis. The boom 208 provides a versatile
mounting for the cutter assembly 210 and allows a large
volume of rock to be cut without moving the vehicle itself.
This versatility allows the arm 208 and cutter 210 to ’tar-
get’, for example, steps or other discontinuities, such as
isolated towers, as may be encountered in the mine. The
rock cutter head 210 is of about 600 kW power, on an
articulated arm 208, which provides a versatile mounting
for the cutter and allows large volumes of rock to be cut
without moving the auxiliary miner itself.
[0047] The boom 208 operates in successive down-
ward/sideward cuts to complete a full sump depth, full
width cut of the mine face to an approximate sumping
depth around 1 metre. The boom and cutter angle posi-
tions can then be adjusted to carry out a further 1 metre
sumping depth cut before the vehicle is required to repo-
sition forward.
[0048] The excavated material can be drawn away
from the work area, through the suction nozzle 214 de-
tailed in figures 5 and 6, by a high flow dredge pump
system. The slurry flow circuit is shown in more detail in
Figure 3. A dilution system is used to reduce the chances
of blockage and control the slurry density in the suction
and delivery lines. A densitometer and flow meter is used
to constantly monitor the concentration and velocity gra-
dients through the slurry circuit.
[0049] The AUX 114 of the further embodiment is a
tracked vehicle. Whilst mining, a moveable anchoring
system taking the form of stabilising spuds engage and
penetrate the seafloor surface layer in order to provide
more positive control of the miner, as shown in Figures
7a and 7b. As further shown in figure 8, each movable
spud 802 of a vehicle anchoring / stabilising system is
independently powered, allowing limited ability to level
the vehicle on uneven ground. The spuds are designed
to penetrate through any loose surface material to locate
into good quality ground. For soft ground, larger area
shoes can be fitted to the spuds. The spuds can also
each be in the form of a blade. The blade then allows the
functionality of a spud and also allows an ability to move
material during forward or aft locomotion of the machine.
[0050] A jet water system 306 is installed to provide
clearance of the suction grizzly 214 in the event of block-
age, and agitation of the material face to be cut if required,

The jet system 306 can clean the cutter head 210 or
tracks 204 in the event of clogging. The jet system may
also assist with slurry line blockage prevention/clear-
ance.
[0051] The AUX 116 can move from one area of the
seafloor to another in one of two ways. The AUX 116 is
capable of tracking on seafloor topographies of less than
about 10 degrees, at rates > about 600 m/hour. Alterna-
tively, the vehicle 116 can be hoisted off the seafloor
using the main hoist wire 402, and manoeuvred to the
next site.
[0052] When manoeuvring in the locality, the powerful
track assemblies 204 provide for efficient repositioning
of the vehicle 116 for maximum operational production
capability. The AUX 116 thus provides more efficient cut-
ting and stock-piling of excavated material.
[0053] Figures 9a - 9d illustrate an auxiliary cutter 900
in accordance with another embodiment of the invention,
comprising a cutting tool support boom 902, front swing-
out stabilising legs 904 with vertical jacking, tracks 906
for site traversing, a rear sonar array 908, electronic con-
trol pod indicated at 910, a rear stabilising anchor/blade
912, main cutting tools 914, a crown cutter stockpile gath-
ering system 916 mounted to the underside of boom 902,
two thrusters 918, a lifting point and capture bowl 922 for
20 degree slope recovery, a stockpile hose interface 924
and a slurry transfer pump and motor 926.
[0054] Figure 10 illustrates a further embodiment of
the invention in which an auxiliary miner 1000 has a blade
1010 to push cuttings ahead of the chassis and minimise
or avoid cuttings passing beneath the tool 1000. Blade
1010 is semicircularly curved so that the aft cutting heads
remain at a substantially constant distance from the blade
when moved azimuthally, as shown in Figure 10b. This
arrangement effects improved efficiency of gathering by
the suction inlet adjacent the cutting head, as visible in
Figure 10b, and also clears stray cuttings from the path
of the tool.
[0055] It is to be appreciated that particular terms used
herein may be synonymous with other terms which equal-
ly describe the present invention and the scope of the
present application is thus not to be limited to any one
such synonym. For example, seafloor mining tools may
also be referred to as subsea machines, a production
support vessel may be referred to as a surface vessel
and/or surface facilities, ore may be equally or alterna-
tively referred to as rock, consolidated sediment, uncon-
solidated sediment, soil, seafloor material, and mining
may comprise cutting, dredging or otherwise removing
material. Moreover, particular values provided give an
illustration of scale in the described embodiments but are
not to be considered restrictive as to the scale or range
of values which might be used in other embodiments to
suit the environment of application.
[0056] It will be appreciated by persons skilled in the
art that numerous variations and/or modifications may
be made to the invention as shown in the specific em-
bodiments without departing from the scope of the inven-
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tion as broadly described, The present embodiments are,
therefore, to be considered in all respects as illustrative
and not restrictive.

Claims

1. A seafloor auxiliary mining tool (116) for use in a
seafloor mining system, the seafloor auxiliary mining
tool (116) comprising:

a seafloor locomotion system (204) enabling
traversal of the seafloor;
umbilical connections (404) for receiving power
and control signals from a surface source (106);
a boom (208) mounted auxiliary cutting tool
(210) for cutting extremities of a seafloor depos-
it; and
means for sizing cuttings produced by the aux-
iliary cutting tool (210) to ensure such cuttings
are no greater than a desired size,

characterised in that the means for sizing cuttings
comprises at least one pair of cutting heads (212)
which form the auxiliary cutting tool, the cutting
heads (212) being configured to preferentially draw
cuttings between the pair of cutting heads (212), and
the pair of cutting heads (212) being spaced apart
by a distance corresponding to the desired cutting
size.

2. The tool of claim 1 wherein the spacing between the
or each pair of cutting heads (212) is adjustable dur-
ing mining operations and the means for sizing cut-
tings further comprises a sizing grill proximal to the
auxiliary cutting tool (210).

3. The tool of any one of claims 1 or 2 wherein the
locomotion system (204) enables the auxiliary min-
ing tool (116) to traverse seafloor terrain sloped up
to about 25 degrees.

4. The tool of any one of claims 1 to 3 wherein the boom
(208) for mounting the auxiliary cutting tool (210)
comprises a hydraulically operated articulated arm
mounted on an upper carriage assembly (220) ca-
pable of slewing relative to the auxiliary mining tool
(116) centre line.

5. The tool of any one of claims 1 to 4 operable at depths
greater than about 1500m.

6. The tool of any one of claims 1 to 5 further comprising
a suction delivery line (202) having a slurry inlet (214)
adjacent to the auxiliary cutting tool (210) and con-
figured to capture cuttings in the form of a slurry for
delivery to an outlet spaced apart from the auxiliary
mining tool (116).

7. The tool of claim 6 wherein the slurry inlet (214) is
positioned proximal to and aft of the cutting head
(212); or is positioned between cutting heads (212)
of the cutting tool.

8. The tool of either claim 6 or 7, further comprising a
collection shroud (218) which partially surrounds the
cutting tool (210) to optimise containment and col-
lection of cuttings by the slurry inlet (214).

9. The tool of either claim 6 to 7, further comprising a
blade (216) configured to shroud the cutting tool
(210) and clear the path ahead of the auxiliary mining
tool (116) by acting as a push blade when the ma-
chine traverses forwards.

10. The tool of claim 9 wherein the blade (216) is arcu-
ately shaped so as to effect substantially equal
shrouding at differing slew positions of the cutting
tool (210).

11. The tool of any one of claims 1 to 10 further com-
prising movable anchoring spuds (802) configured
to stabilise the tool when deployed.

12. A method for seafloor auxiliary mining in a seafloor
mining system, the method comprising:

a seafloor auxiliary mining tool (116) traversing
the seafloor using a seafloor locomotion system
(204);
the tool receiving power and control signals from
a surface source via umbilical connections
(404);
a boom (208) mounted auxiliary cutting tool
(210) cutting extremities of a seafloor deposit;
and
a sizing means of the tool sizing cuttings pro-
duced by the auxiliary cutting tool (210) to en-
sure such cuttings are no greater than a desired
size

characterised in that the means for sizing cuttings
comprises at least one pair of cutting heads (212)
which form the auxiliary cutting tool, the cutting
heads (212) being configured to preferentially draw
cuttings between the pair of cutting heads (212), and
the pair of cutting heads (212) being spaced apart
by a distance corresponding to the desired cutting
size.

13. The method of claim 12 wherein the auxiliary cutting
tool (210) is used in preparation for bulk mining to
cut down peripheries of complex seafloor formations
in order to present relatively flat and horizontal
benches suitable for a separate bulk mining tool.

14. The method of either claim 12 or 13 wherein cuttings
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are captured in slurry form and the slurry is pumped:
to one side of the path taken or to be taken by the
tool; or to a seafloor stockpile location (124) spaced
apart from the seafloor auxiliary mining tool (116) via
a suitable transfer pipe (126).

Patentansprüche

1. Ein Meeresbodenabbau Hilfswerkzeug (116) für ei-
nen Abbau am Meeresboden zur Verwendung in ei-
nem System zur Gewinnung vom Meeresboden, wo-
bei das Hilfswerkzeug (116) für einen Abbau am
Meeresboden umfasst:

ein Meeresboden-Fortbewegungssystem
(204), dass das Durchqueren des Meeresbo-
dens ermöglicht;
Nabelverbindungen (404) zum Empfangen von
Leistung und Steuersignalen von einer Oberflä-
chenquelle (106);
ein an einem Ausleger (208) montiertes Hilfs-
schneidwerkzeug (210) zum Schneiden von Ex-
tremitäten einer Meeresbodenablagerung; und
Mittel zur Größenbestimmung von Schnittgut,
dass durch das Hilfsschneidwerkzeug (210) er-
zeugt wird, um sicherzustellen, dass solches
Schnittgut nicht größer als eine gewünschte
Schnittgröße ist,

dadurch gekennzeichnet, dass das Mittel zur Grö-
ßenbestimmung von Schnittgut mindestens ein Paar
Schneidköpfe (212) umfasst, die das Hilfsschneid-
werkzeug bilden, wobei die Schneidköpfe (212) kon-
figuriert sind, um Schnittgut vorzugsweise zwischen
das Paar Schneidköpfe (212) zu ziehen, und wobei
das Paar Schneidköpfe (212) um einen Abstand be-
abstandet ist, der der gewünschten Schnittgröße
entspricht.

2. Das Werkzeug nach Anspruch 1, wobei der Abstand
zwischen dem oder jedem Paar von Schneidköpfen
(212) während der Durchführung der Gewinnung
einstellbar ist und die Mittel zur Größenbestimmung
von Schnittgut ferner ein Schlichtgitter proximal zum
Hilfsschneidwerkzeug (210) umfassen.

3. Das Werkzeug nach einem beliebigen der Ansprü-
che 1 oder 2, wobei das Fortbewegungssystem
(204) es dem Hilfswerkzeug (116) für einen Abbau
ermöglicht, Meeresboden-Gelände zu durchqueren,
die bis zu etwa 25 Grad geneigt sind.

4. Das Werkzeug nach einem beliebigen der Ansprü-
che 1 bis 3, wobei der Ausleger (208) zur Befestigung
des Hilfsschneidwerkzeugs (210) einen hydraulisch
betätigten Gelenkarm umfasst, der an einer oberen
Schlittenanordnung (220) montiert ist, die in Bezug

auf die Mittellinie des Hilfswerkzeugs (116) für einen
Abbau schwenkbar ist.

5. Das Werkzeug nach einem beliebigen der Ansprü-
che 1 bis 4, das in Tiefen von mehr als etwa 1500
m betriebsfähig ist.

6. Das Werkzeug nach einem beliebigen der Ansprü-
che 1 bis 5, ferner umfassend eine Saugförderleitung
(202) mit einem Schlammeinlass (214) angrenzend
an das Hilfsschneidwerkzeug (210) und konfiguriert
zum Erfassen von Schneidgut in Form einer Auf-
schlämmung zur Abgabe an einen Auslass, der von
dem Hilfswerkzeug (116) für einen Abbau beabstan-
det ist.

7. Das Werkzeug nach Anspruch 6, wobei der
Schlammeinlass (214) proximal zu und hinter dem
Schneidkopf (212) positioniert ist; oder zwischen
den Schneidköpfen (212) des Schneidwerkzeugs
positioniert ist.

8. Das Werkzeug nach Anspruch 6 oder 7, ferner um-
fassend eine Sammelhülle (218), die das Schneid-
werkzeug (210) teilweise umgibt, um die Einhegung
und das Sammeln von Schneidgut durch den
Schlammeinlass (214) zu optimieren.

9. Das Werkzeug nach Anspruch 6 oder 7, ferner um-
fassend eine Klinge (216), die konfiguriert ist, das
Schneidwerkzeug (210) abzudecken und den Weg
vor dem Hilfswerkzeug (116) für einen Abbau frei-
zumachen, indem sie als Druckklinge wirkt, wenn
die Maschine vorwärtsfährt.

10. Das Werkzeug nach Anspruch 9, wobei die Klinge
(216) bogenförmig geformt ist, um eine im Wesent-
lichen gleichmäßige Ummantelung bei unterschied-
lichen Schwenkpositionen des Schneidwerkzeugs
(210) zu bewirken.

11. Das Werkzeug nach einem beliebigen der Ansprü-
che 1 bis 10, ferner umfassend bewegliche Veran-
kerungsspindeln (802), die konfiguriert sind, um das
Werkzeug beim Einsatz zu stabilisieren.

12. Ein Verfahren zum Hilfsabbau am Meeresboden in
einem System zur Gewinnung vom Meeresboden,
wobei das Verfahren umfasst:

ein Hilfswerkzeug (116) für einen Abbau am
Meeresboden, das den Meeresboden unter Ver-
wendung eines Meeresboden-Fortbewegungs-
systems (204) durchquert;
wobei das Werkzeug Leistung und Steuersig-
nale von einer Oberflächenquelle über Nabel-
verbindungen (404) empfängt;
ein an einem Ausleger (208) montiertes Hilfs-
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schneidwerkzeug (210), dass die Extremitäten
einer Meeresbodenablagerung schneidet; und
ein Mittel zur Größenbestimmung von Schnitt-
gut, dass durch das Hilfsschneidwerkzeug (210)
erzeugt wird, um sicherzustellen, dass solches
Schnittgut nicht größer als eine gewünschte
Schnittgröße ist,

dadurch gekennzeichnet, dass das Mittel zur Grö-
ßenbestimmung von Schnittgut mindestens ein Paar
Schneidköpfe (212) umfasst, die das Hilfsschneid-
werkzeug bilden, wobei die Schneidköpfe (212) kon-
figuriert sind, um Schnittgut vorzugsweise zwischen
das Paar Schneidköpfe (212) zu ziehen, und wobei
das Paar Schneidköpfe (212) um einen Abstand be-
abstandet ist, der der gewünschten Schnittgröße
entspricht.

13. Das Verfahren nach Anspruch 12, wobei das Hilfs-
schneidwerkzeug (210) zur Vorbereitung auf einen
Abbau in großen Tonnagen verwendet wird, um die
Peripherien komplexer Meeresbodenformationen
abzuschneiden, um relativ flache und horizontale
Bereiche zu erhalten, die für ein separates Werk-
zeug für Abbau in großen Tonnagen geeignet sind.

14. Das Verfahren nach Anspruch 12 oder 13, wobei
das Schnittgut in Form einer Aufschlämmung erfasst
und die Aufschlämmung gepumpt wird: zu einer Sei-
te des Weges, den das Werkzeug zurückgelegt hat
oder nehmen soll; oder zu einer Meeresbodenlager-
stätte (124), die über ein geeignetes Transferrohr
(126) vom Meeresboden-Hilfswerkzeug (116) beab-
standet ist.

Revendications

1. Outil auxiliaire (116) d’exploitation minière de fonds
marins destiné à être utilisé dans un système d’ex-
ploitation minière de fonds marins, l’outil auxiliaire
(116) d’exploitation minière de fonds marins
comprenant :

un système (204) de déplacement sur fonds ma-
rins permettant de traverser les fonds marins ;
des connexions ombilicales (404) destinées à
recevoir de l’énergie et des signaux de comman-
de d’une source (106) de surface ;
un outil de coupe auxiliaire (210) monté sur une
flèche (208) et destiné à découper des extrémi-
tés d’un dépôt sur fonds marins ; et
des moyens destinés à dimensionner les débris
produits par l’outil de coupe auxiliaire (210) pour
assurer que ces débris ne dépassent pas une
dimension souhaitée,

caractérisé en ce que les moyens de dimension-

nement des débris comprennent au moins une paire
de têtes de coupe (212) qui forment l’outil de coupe
auxiliaire, les têtes de coupe (212) étant conçues
pour traîner de préférence des débris entre la paire
de têtes de coupe (212), et la paire de têtes de coupe
(212) étant espacées d’une distance correspondant
à la dimension souhaitée des débris.

2. L’outil selon la revendication 1, dans lequel l’espa-
cement entre les têtes de coupe ou chaque paire de
têtes de coupe (212) est réglable pendant les opé-
rations d’exploitation minière et les moyens destinés
à dimensionner les débris comprennent en outre une
grille de dimensionnement à proximité de l’outil de
coupe auxiliaire (210).

3. L’outil selon l’une quelconque des revendications 1
ou 2, dans lequel le système de déplacement (204)
permet à l’outil auxiliaire (116) d’exploitation minière
de traverser un terrain de fonds marins dont l’incli-
naison peut aller jusqu’à environ 25 degrés.

4. L’outil selon l’une quelconque des revendications 1
à 3, dans lequel la flèche (208) destinée au montage
de l’outil de coupe auxiliaire (210) comprend un bras
articulé à commande hydraulique monté sur un en-
semble de chariot supérieur (220) capable de pivoter
par rapport à l’axe central de l’outil auxiliaire (116)
d’exploitation minière.

5. L’outil selon l’une quelconque des revendications 1
à 4, pouvant être utilisé à des profondeurs supérieu-
res à environ 1500 m.

6. L’outil selon l’une quelconque des revendications 1
à 5, comprenant en outre un conduit d’aspiration
(202) comportant une entrée de boue (214) adjacen-
te à l’outil de coupe auxiliaire (210) et conçue pour
capturer les débris sous la forme d’une boue desti-
née à être amenée à une sortie espacée de l’outil
auxiliaire (116) d’exploitation minière.

7. L’outil selon la revendication 6, dans lequel l’entrée
de boue (214) est positionnée à proximité et à l’ar-
rière de la tête de coupe (212) ; ou est positionnée
entre les têtes de coupe (212) de l’outil de coupe.

8. L’outil selon la revendication 6 ou 7, comprenant en
outre un élément d’enveloppement et de collecte
(218) qui entoure partiellement l’outil de coupe (210)
afin d’optimiser le confinement et la collecte de dé-
bris par l’entrée de boue (214) .

9. L’outil selon l’une quelconque des revendications 6
à 7, comprenant en outre une lame (216) conçue
pour envelopper l’outil de coupe (210) et dégager le
passage devant l’outil auxiliaire (116) d’exploitation
minière en faisant office de lame de poussée lorsque
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la machine se déplace en avant.

10. L’outil selon la revendication 9, dans lequel la lame
(216) a une forme incurvée permettant d’effectuer
un enveloppement sensiblement égal à différentes
positions de pivotement de l’outil de coupe (210).

11. L’outil selon l’une quelconque des revendications 1
à 10, comprenant en outre des pattes d’ancrage mo-
biles (802) conçues pour stabiliser l’outil lorsqu’il est
déployé.

12. Un procédé d’exploitation minière auxiliaire de fonds
marins dans un système d’exploitation minière de
fonds marins, le procédé comprenant :

un outil (116) d’exploitation minière auxiliaire de
fonds marins qui se déplace sur les fonds marins
en utilisant un système (204) de déplacement
sur fonds marins ;
l’outil recevant de l’énergie et des signaux de
commande d’une source de surface par le biais
de connexions ombilicales (404) ;
un outil de coupe auxiliaire (210) monté sur une
flèche (208) et découpant des extrémités d’un
dépôt sur fonds marins ; et
des moyens de dimensionnement de débris pro-
duits par l’outil de coupe auxiliaire (210) pour
assurer que ces débris ne dépassent pas une
dimension souhaitée,

caractérisé en ce que les moyens de dimension-
nement des débris comprennent au moins une paire
de têtes de coupe (212) qui forment l’outil de coupe
auxiliaire, les têtes de coupe (212) étant conçues
pour traîner de préférence les débris entre la paire
de têtes de coupe (212), et la paire de têtes de coupe
(212) étant espacées d’une distance correspondant
à la dimension souhaitée des débris.

13. Le procédé selon la revendication 12, dans lequel
l’outil de coupe auxiliaire (210) étant utilisé en pré-
paration pour l’exploitation minière par abattage en
masse afin de découper des périphéries de forma-
tions complexes de fonds marins afin de présenter
des bancs relativement plats et horizontaux appro-
priés pour un outil d’exploitation minière par abattage
en masse séparé.

14. Le procédé selon la revendication 12 ou 13, dans
lequel les débris sont capturés sous forme de boue
et la boue est pompée : sur un côté du chemin suivi
ou à suivre par l’outil ; ou vers un emplacement de
stockage (124) sur fonds marins qui est espacé de
l’outil auxiliaire (116) d’exploitation minière sur fonds
marins par le biais d’un tuyau de transfert approprié
(126).
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